Yamauchi K, Stone AJ, Stocker SD, Kaufman MP. Blockade of ATP-sensitive potassium channels prevents the attenuation of the exercise pressor reflex by tempol in rats with ligated femoral arteries. Am J Physiol Heart Circ Physiol 303: H332-H340, 2012. First published May 25, 2012; doi:10.1152/ajpheart.00310.2012.-We reported previously that tempol attenuated the exercise pressor and muscle mechanoreceptor reflexes in rats whose femoral arteries were ligated, whereas tempol did not attenuate these reflexes in rats whose femoral arteries were freely perfused. Although the mechanism whereby tempol attenuated these reflexes in rats whose femoral artery was ligated was independent of its ability to scavenge reactive oxygen species, its nature remains unclear. An alternative explanation for the tempol-induced attenuation of these reflexes involves ATP-sensitive potassium channels (K ATP) and calcium-activated potassium channels (BKCa), both of which are opened by tempol. We tested the likelihood of this explanation by measuring the effects of either glibenclamide (0.1 mg/kg), which blocks KATP channels, or iberiotoxin (20 or 40 g/kg), which blocks BKCa channels, on the tempol-induced attenuation of the exercise pressor and muscle mechanoreceptor reflexes in decerebrated rats whose femoral arteries were ligated. We found that glibenclamide prevented the tempol-induced attenuation of both reflexes, whereas iberiotoxin did not. We also found that the amount of protein comprising the pore of the KATP channel in the dorsal root ganglia innervating hindlimbs whose femoral artery was ligated was significantly greater than that in the dorsal root ganglia innervating hindlimbs whose femoral arteries were freely perfused. In contrast, the amounts of protein comprising the BKCa channel in the dorsal root ganglia innervating the ligated and freely perfused hindlimbs were not different. We conclude that tempol attenuated both reflexes by opening KATP channels, an effect that hyperpolarized muscle afferents stimulated by static contraction or tendon stretch. static contraction; tendon stretch; thin fiber muscle afferents; peripheral artery disease; calcium-activated potassium channels; adenosine 5=-triphosphate THE EXERCISE PRESSOR REFLEX is evoked by both mechanical and metabolic stimuli arising in statically contracting muscle and results in increased arterial pressure, heart rate (HR), and ventilation (9, 23). The sensory arm of the reflex consists of thinly myelinated group III and unmyelinated group IV afferents (10, 23). Group III afferents primarily transmit information about mechanical stimuli arising in the exercising muscles, whereas the group IV afferents primarily transmit information about metabolic stimuli arising in these muscles (14, 18, 19) .
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The importance of the exercise pressor reflex in generating the cardiovascular adjustments to exercise has been controversial. Previously, the reflex was not thought to play a major role in the cardiovascular and ventilatory responses to low to moderate levels of exercise (11, 44) and was thought to be important only in situations where the exercising muscles were ischemic (27, 32) . Although there is no doubt that the exercise pressor reflex plays an important role in generating the cardiovascular responses to exercise while the working muscles are ischemic, evidence has accumulated over the past 10 -20 yr demonstrating conclusively that the reflex is also active at low levels of exercise when blood and oxygen supply to the working muscles match metabolic demand (1, 2, 3, 12, 15, 16, 25, 28, 43) .
Recently, attention has shifted from the role played by the reflex in physiological conditions to the role played by the exercise pressor reflex in pathophysiological conditions, such as hypertension, heart failure, and peripheral artery disease (21, 36, 38, 42, 45, 46) . Particular emphasis has been placed on the role played by oxidative stress in generating the exercise pressor reflex in animal models of these disease states. Recently, we (24) found that tempol, a widely used scavenger of superoxide radicals, attenuated the exaggerated exercise pressor reflex in a rodent model of peripheral artery disease in which one femoral artery of a rat was occluded 72 h before the start of the experiment. In contrast, we (24) found that tempol had no effect on the exercise pressor reflex in rats in which the femoral artery was freely perfused. We were surprised to find that the tempol-induced attenuation of the reflex in the rats with a ligated femoral artery could not be explained by its ability to scavenge superoxide radicals in contracting hindlimb muscles (24) . In this regard, tempol has been shown to open both ATP-sensitive potassium channels (K ATP ; Ref. 7) and calciumactivated potassium channels (BK Ca ; Ref. 48) , raising the possibility that this mechanism could be responsible for its attenuation of the exercise pressor reflex in rats with simulated peripheral artery disease. Specifically, we tested the hypotheses that tempol attenuated the exercise pressor reflex in decerebrated rats whose femoral artery was ligated for 72 h before the start of the experiment by opening either K ATP or BK Ca channels.
METHODS
All procedures were reviewed and approved by the Institutional Animal Care and Use Committee of the Pennsylvania State University, Hershey Medical Center. Adult male rats (Sprague Dawley, n ϭ 48, weighing between 345 and 500 g) were used in this study. The rats were housed in a temperature-controlled room (24 Ϯ 1°C) with a 12:12-h light-dark cycle. Rats were fed a standard diet and tap water ad libitum. Seventy-two hours before an experiment, the rats underwent surgery to ligate the left femoral artery according to the procedure described previously (42) . Briefly, rats were anesthetized with a mixture of 4% isoflurane balanced with oxygen; the left femoral artery was isolated and then tightly ligated with 5-0 silk suture just distal to the inguinal ligament. The rats were allowed to recover 72 h before the experiments were started. Femoral artery occlusion has been reported to have no effect on normal cage activity (40) . This technique has been shown to reduce blood flow capacity to ϳ10 -20% of normal while having little effect on resting blood flow (29, 49) .
Surgical Preparation
On the day of the experiment, rats were anesthetized with a mixture of 4% isoflurane and 100% oxygen. The right jugular vein and common carotid artery were cannulated (PE-50) for the delivery of drugs and fluids and the measurement of arterial blood pressure, respectively. The carotid arterial catheter was connected to a pressure transducer (model P23 XL; Statham). HR was calculated beat to beat from the arterial pressure pulse (Gould Biotach). The trachea was cannulated, and the lungs were ventilated mechanically (Harvard Apparatus). Arterial blood gases and pH were measured by an automated blood-gas analyzer (model ABL-700, Radiometer). PCO 2 and arterial pH were maintained within normal range either by adjustment of ventilation or by intravenous administration of sodium bicarbonate (8.5%). A rectal temperature probe was inserted and the core body temperature of the animal was maintained at 37-38°C by a water-perfused heating pad and a lamp.
We cannulated (PE-10) the right femoral artery in a retrograde direction and advanced the tip to the bifurcation of the abdominal aorta. This allowed us to inject drugs into the arterial supply of the left hindlimb. A snare was placed around the abdominal aorta and the inferior vena cava just above the aortic bifurcation. When tightened, the snare helped to keep the injectate within the circulation of the left hindlimb.
The rat was placed in a Kopf stereotaxic frame. Dexamethasone (0.2 mg) was injected intravenously just before the decerebration procedure to minimize brainstem edema. The left common carotid artery was tied off, and a precollicular decerebration was performed. The plane of section was 1 mm anterior to the superior colliculi. All neural tissue rostral to the section was removed. To minimize cerebral hemorrhage, small pieces of oxidized regenerated cellulose (Ethicon, Johnson & Johnson) were placed on the internal skull surface, and the cranial cavity was packed with cotton. In our experiments, rats were decerebrated instead of anesthetized because the preponderance of the evidence indicates that anesthesia prevents the exercise pressor reflex in this species (37) .
A laminectomy exposing the lower lumbar and sacral portions of the spinal cord (L1-L5) was performed. The rat was then secured in a customized spinal frame by clamps placed on rostral lumbar vertebrae and the pelvis. Using the skin on the back, we formed a pool that was filled with warm (37°C) mineral oil. The dura was cut and reflected allowing visual identification of the spinal roots. The left L4 and L5 ventral roots were identified and cut close to their exits from the spinal cord. The calcaneal bone of a left hindlimb was severed, and the triceps surae muscles were isolated. Once the surgeries were completed, the anesthesia was withdrawn, and the lungs were ventilated with room air. After decerebration, we waited a minimum of 90 min before beginning any experimental protocol.
Experimental Protocols
The peripheral cut ends of the L4 and L5 ventral roots were placed on shielded stimulating electrodes. The left calcaneal tendon was attached to a force transducer (model FT 10, Grass), which in turn was attached to a rack-and-pinion. Static contraction was evoked by electrically stimulating (40 Hz, 0.1 ms, ϳ2 times motor threshold) the L4 and L5 ventral roots. A muscle mechanoreceptor reflex was evoked by stretching the triceps surae muscles by manually turning the rack-and-pinion that was attached to the calcaneal tendon (39) . Baseline tension was set between 80 and 100 g. Both muscle contraction and tendon stretch lasted for 60 s. The order of presentation of the two stimuli was varied randomly. Protocol 1. In six ligated rats, we injected tempol (10 mg in 0.2 ml) retrogradely into the right femoral artery catheter following the initial evaluation of the exercise pressor and muscle mechanoreceptor reflexes. In these rats, we tightened the snare placed around the abdominal aorta and the inferior vena cava just above the aortic bifurcation before injection of drugs to partially trap the injectate in the circulation of the left limb. The snare was maintained for 5 min, after which it was released and the hindlimb was reperfused for 15 min. The dose of tempol used in our experiments was identical to that used by McCord et al. (24), Koba et al. (21) , and about twice that used by Wang et al. (46) . Tempol injection decreased arterial pressure below baseline levels for ϳ10 -15 min. Consequently, we waited for arterial pressure to return to near baseline levels before evoking the exercise pressor and muscle mechanoreceptor reflexes.
Protocol 2. In eight ligated rats, we blocked K ATP channels by injecting glibenclamide (0.1 mg/kg in 0.2 ml), retrogradely into the right femoral artery catheter. We evaluated the exercise pressor and muscle mechanoreceptor reflexes before and after intra-arterial injection of glibenclamide. Next, we injected tempol (10 mg) as described in protocol 1 and again evaluated the exercise pressor and muscle mechanoreceptor reflexes. Our purpose was to determine if glibenclamide prevented the attenuation of the exercise pressor and muscle mechanoreceptor reflexes by tempol in the ligated rats.
Protocol 3. In seven ligated rats, we blocked calcium-sensitive BK Ca channels by injecting iberiotoxin (20 or 40 g/kg in 0.2 to 0.4 ml), retrogradely into right femoral artery catheter (26) . The dose of iberiotoxin used in our experiments was based on that used by other investigators in which they injected this antagonist intravenously in a dose of 100 -150 g/kg (4, 47). We evaluated the exercise pressor and muscle mechanoreceptor reflexes before and after iberiotoxin. Next, we injected tempol (10 mg) as described in protocol 1. Our purpose was to determine if iberiotoxin prevented the attenuation of the exercise pressor and muscle mechanoreceptor reflexes by tempol in the ligated rats. At the conclusion of the experiment, the rat was humanely killed with overdose of pentobarbital followed by an injection of saturated KCl solution.
Western Blot Analysis
In 27 rats, we ligated one femoral artery as described above. Seventy-two hours afterwards, the rats were anesthetized with a mixture of 4% isoflurane balanced with oxygen and the L4 and L5 dorsal root ganglia were removed from the ligated and freely perfused sides. All ganglia were stored at Ϫ80°C. We combined the L4 and L5 dorsal root ganglia innervating hindlimbs whose femoral arteries were freely perfused into nine samples, each of which contained material from three rats. Likewise, we combined the L4 and L5 dorsal root ganglia innervating hindlimbs whose femoral arteries were ligated into nine samples, each of which contained material from three rats. This allowed us to compare protein expression for KCa1.1, Kir6.1, and Kir6.2 in the dorsal root ganglia between freely perfused and ligated hindlimbs. The dorsal root ganglia were homogenized in 20 l [(3-cholamidopropyl)-dimethylammonio]-L-propanesulfonate (CHAPS) homogenization buffer (40 mM HEPES pH 7.4, 120 mM NaCl, 1 mM EDTA, 10 mM Na pyrophosphate, 10 mM glycerophosphate, 50 mM NaF, 1.5 mM Na3VO4, and 0.3% CHAPS) containing 1 mM DTT, and EDTA-free protease inhibitor and PhosSTOP phosphatase inhibitor cocktail tablets (Roche Diagnostics). Samples were incubated on ice for 10 min and centrifuged (3,000 rpm, 1 min), and supernatants were collected. The pellet was resuspended in CHAPS buffer, and the process was repeated. Supernatants were combined, and protein concentration was determined using the Microplate DC protein assay (Bio-Rad, Hercules, CA). Protein (25 g) was analyzed by SDS-PAGE using precast 8 -16% Tris·HCl Criterion gels (Bio-Rad) and transferred onto polyvinylidene difluoride membranes (GE Health Care, Piscataway, NJ) in a buffer containing 10 mM CHAPS pH 11.0 and 10% MeOH. Membranes were blocked for 1 h in buffer (5% nonfat milk, 20 mM Tris base, 140 mM NaCl, and 0.1% Tween 20); incubated overnight with anti-KCa1.1, anti-Kir6.1, or anti-Kir6.2 polyclonal antibodies (1:200; Alomone Labs, Jerusalem, Israel); and visualized with a goat anti-rabbit horseradish peroxidase (1:10,000; Cell Signaling, Danvers, MA). Membrane bound proteins were detected using Amersham's ECL Prime enhanced chemiluminescence (GE Health Care) and imaged with a FLuoroChem M imager (Cell Biosciences, Santa Clara, CA). The protein bands were then quantified using Alphaview software (Cell Biosciences). The membrane was also stripped and reprobed with a ␤-tubulin antibody (1:1,000; Cell Signaling). Bands were expressed as a ratio to tubulin.
Data Analysis
Arterial blood pressure, HR, and tension developed by the triceps surae muscles were recorded with a Spike 2 data acquisition system (CED, Cambridge) and stored on a computer hard drive (Dell). Mean arterial pressure is expressed in millimeters of mercury and HR in beats per minute. The tension-time index was calculated by integrating the area between the tension trace and the baseline level (spike 2) and is expressed in kilogram per seconds.
All values are expressed as means Ϯ SE. Statistical analyses of arterial pressure, HR, and tension development were performed with either a one-way repeated-measures ANOVA or two-way repeated-measures ANOVA. Post hoc tests were performed with the Tukey's test between individual means. Bonferroni post hoc tests were used to determine significant differences between time course means. Statistical analyses of Western blots were performed with an unpaired t-test. The criterion for statistical significance was set at P Ͻ 0.05. Fig. 1 . Pressor and cardioaccelerator responses to static contraction before (A) and after (B) retrograde injection of tempol (10 mg) into the right femoral artery of a rat whose left femoral artery was ligated 72 h before the start of the experiment. Note that the contraction-induced increases in arterial blood pressure (ABP) and heart rate (HR) were attenuated by tempol.
RESULTS

Protocol 1: Effect of Tempol on the Exercise Pressor and Muscle Mechanoreceptor Reflexes
We first confirmed our previous findings that tempol attenuated both the exercise pressor and the muscle mechanoreceptor reflexes in six rats whose femoral artery had been ligated for 72 h before the start of the experiment (P Ͻ0.05; Figs. 1 and 2) . The tension-time indexes evoking the two reflexes did not differ from each other before and after tempol for either static contraction (P ϭ 0.70) or tendon stretch (P ϭ 0.66; Table. 1).
Protocol 2: Effect of Glibenclamide on the Tempol-Induced Attenuation of the Exercise Pressor and Muscle Mechanoreceptor Reflexes
In eight rats whose left femoral artery had been ligated 72 h before the start of the experiment, the mean pressor and cardioaccelerator responses to static contraction were not attenuated by retrograde injection of glibenclamide (0.1 mg/kg) into the right femoral artery (Fig. 3, A and B) . Subsequent injection of tempol, in contrast to the findings reported in protocol 1, failed to attenuate the reflex. For example, the pressor and cardioaccelerator responses (26 Ϯ 2 mmHg and 12 Ϯ 1 beats/min) to static contraction after tempol and in the presence of glibenclamide were not significantly different from the responses (28 Ϯ 3 mmHg and 12 Ϯ 2 beats/min; both P Ͼ 0.05) to static contraction before tempol (Fig. 3, A and B) . Likewise, the pressor and cardioaccelerator responses to tendon stretch after tempol in the presence of glibenclamide (0.1 mg/kg) were not significantly different from those to stretch before tempol (Fig. 3, C and D) .
Protocol 3: Effect of Iberiotoxin on the Tempol-Induced Attenuation of the Exercise Pressor and Muscle Mechanoreceptor Reflexes
We determined the effects of iberiotoxin, injected retrogradely into the right femoral artery, on the exercise pressor and muscle mechanoreceptor reflexes before and after tempol in seven "ligated" rats. In five of the rats, we injected iberiotoxin in a dose of 20 g/kg, and in the remaining two, we injected iberiotoxin in a dose of 40 g/kg. Neither dose of Values are means Ϯ SE. Tension time indexes (TTI) for static contraction and tendon stretch before and after the injection of tempol (10 mg), glibenclamide (0.1 mg/kg), and iberiotoxin (20 -40 g/kg). *P Ͻ 0.05, significant difference between Before and Glibenclamide conditions. iberiotoxin, injected before tempol, had any effect on the two reflexes (Fig. 4) . Subsequent injection of tempol (10 mg), however, still significantly decreased both reflexes in each of the seven rats tested (P Ͻ 0. 05; Fig. 4 ).
Western Blots
We found that the amounts of the K ir 6.1 and K ir 6.2 protein in the L4 and L5 dorsal root ganglia innervating the hindlimbs whose femoral arteries were ligated for 72 h were significantly but modestly greater (P Ͻ 0.05) than the amounts of K ir 6.1 and K ir 6.2 protein in the dorsal root ganglia innervating the hindlimbs whose femoral arteries were freely perfused (Fig. 5) . In contrast, the amount of K Ca 1.1 protein in the L4 and L5 dorsal root ganglia innervating the hindlimbs whose femoral arteries were ligated was not significantly different than the amount of K Ca 1.1 protein in the L4 and L5 dorsal root ganglia innervating the hindlimbs whose femoral arteries were freely perfused. In addition, the amount of K Ca 1.1 protein in the dorsal root ganglia regardless of whether the femoral arteries were ligated or not appeared to be much less than the amounts of K ir 6.1 and K ir 6.2 protein (Fig. 5 ).
DISCUSSION
Our interest in the actions of tempol on the exercise pressor reflex stemmed from our previous findings that this supposed antioxidant had no effect on the reflex in healthy rats whose femoral arteries were freely perfused but attenuated the reflex in rats whose femoral arteries were ligated (24) . We further found that tiron, an antioxidant that does not open K ATP channels (48) (47), did not attenuate the exercise pressor reflex in either group of rats (24) . These findings prompted us to measure the interstitial concentrations of 8-isoprostaglandin F 2␣ , an index of oxidative stress (17) , before and during static contraction of the triceps surae muscles in rats with ligated femoral arteries as well as in rats with freely perfused femoral arteries. Although the exercise pressor reflex in rats with ligated femoral arteries was significantly greater than it was in rats with freely perfused Fig. 3 . Pressor (A) and cardioaccelerator (B) responses to static contraction before, immediately after retrograde injection of glibenclamide (0.1 mg/ kg) into the right femoral artery (Glib) and after subsequent retrograde injection of tempol (10 mg; Glib ϩ Tempol) in rats whose left femoral arteries were ligated. Pressor (C) and cardioaccelerator (D) responses to tendon stretch, before, immediately after retrograde injection of glibenclamide (0.1 mg/kg), and after subsequent retrograde injection of tempol (10 mg) in rats whose femoral arteries were ligated. Values inside bars represent baseline means Ϯ SE. femoral arteries, the interstitial concentrations of 8-isoprostaglandin F 2␣ , increased equally (24) . When considered together, these findings suggested that tempol attenuated the exaggerated exercise pressor reflex in rats with a ligated femoral artery by some action other than scavenging superoxide radicals. The most likely explanation for the effect of tempol in our experiments was its well-documented ability to open K ATP (7) and BK Ca channels (48) .
To test this possible explanation, we first replicated our previous finding (24) that tempol attenuated the exercise pressor reflex in rats whose femoral artery was ligated for 72 h. We then proceeded to show that this attenuation was prevented by glibenclamide-induced blockade of K ATP channels but was not prevented by iberiotoxin-induced blockade of BK Ca channels. Last, we showed that K ir 6.1 and K ir 6.2 protein levels in the L4 and L5 dorsal root ganglia innervating the hindlimbs of rats whose femoral arteries were ligated for 72 h were ϳ20% greater than those in the L4 and L5 dorsal root ganglia innervating the hindlimbs of rats whose femoral arteries were freely perfused.
The significance of the last finding is that the K ir 6.1 and K ir 6.2 proteins comprise the pore of the K ATP channel (13), which when blocked by glibenclamide in our experiments prevented the tempol-induced attenuation of the exercise pressor reflex in rats whose femoral arteries were ligated. The ligation-induced increase in the pore-forming proteins of the K ATP channel in dorsal root ganglia cells allows us to speculate as to why tempol attenuated the reflex in "ligated rats" but did not attenuate the reflex in the "freely perfused rats." Specifically, we speculate that femoral arterial ligation increased the number of K ATP channels in the group III and IV afferents innervating the contracting hindlimb muscles. This increase in K ATP channels exceeded some threshold, which when opened by tempol hyperpolarized the afferents, rendering them less susceptible to stimulation by static contraction. In contrast, in the "freely perfused" rats, the number of opened channels was below the threshold needed to decrease the sensitivity of the afferents to contraction.
In contrast to the levels of the proteins comprising the K ATP channel, we found that femoral artery ligation had no effect on the levels of the protein comprising the BK Ca channel in the L4 and L5 dorsal root ganglia. This finding is consistent with our finding that iberiotoxin, a specific antagonist to BK Ca channels (26) , had no effect on the exercise pressor reflex in the "ligated rats." BK Ca channels, therefore, appear to play little or no role in the tempol-induced attenuation of the exercise pressor reflex in rats whose femoral arteries were ligated 72 h before the start of the experiment.
Previous studies have indicated that agents that open K ATP and BK Ca channels hyperpolarize excitable membranes, an effect that will inhibit sensory neurons (34) and will relax vascular smooth muscle (30, 48) . Tempol, which opens both K ATP and BK Ca channels (7, 48) , applied topically to the renal sympathetic nerve inhibited its spontaneous discharge in anesthetized rats (35) . Likewise, cromokalim, which opens K ATP channels, relaxed vascular smooth muscle (33) . Opening either or both of these potassium channels can function to decrease arterial blood pressure in intact preparations and, as a result, has led to investigations of tempol as an antihypertensive agent (7) .
Both K ATP and BK Ca channels are believed to play important roles in the generation of neuropathic pain. Specifically, nerve injury has been found to decrease K ATP and BK Ca channels in dorsal root ganglion cells, effects that in turn are believed to be at least in part responsible for the increased excitability of nociceptors and, in turn, result in either allodynia or hyperalgesia (6, 8) . The possibility that a decrease in K ATP and BK Ca channels in group III and IV hindlimb muscle afferents is responsible for the exaggerated exercise pressor reflex seen in rats with a ligated femoral artery (42) seems to us to be unlikely for two reasons. First, femoral artery ligation for 72 h in our experiments did not significantly decrease the amount BK Ca protein in dorsal root ganglion cells. Second, ligation increased the amount of protein comprising part of the K ATP channel. The failure of ligation to decrease the two potassium channels is not too surprising because the procedure has been shown to provide adequate blood flow to the hindlimb of cage-restrained rats, making the likelihood of tissue injury low (40, 50) .
In the dose used, glibenclamide, given alone, had no effect on the exercise pressor and muscle mechanoreceptor reflexes in our experiments. Our findings suggest that K ATP channels on group III and IV muscle afferents do not play a role in evoking these reflexes in rats with ligated femoral arteries. Although we cannot exclude the possibility that a higher dose of glibenclamide might have increased their magnitudes, the dose used in our experiments was sufficient to prevent the attenuation of the two reflexes by tempol, a potent K ATP channel opener (48) . K ATP channels on vascular smooth muscle, in contrast to those on group III and IV afferents, appear to have an important function during exercise. Specifically, K ATP channels on vascular smooth muscle are responsible, at least in part, for sympatholysis in both rats (41) and humans (20) . We note with interest that K ATP channels on vascular smooth muscle can be opened by metabolic by-products of contraction, such as adenosine (22) and prostaglandins (5), of which only the latter are capable of stimulating group III and IV afferents (31) . Why these metabolic by-products appear to function on K ATP channels on vascular smooth muscle cells but do not appear to function on K ATP channels on thin fiber muscle afferents is unclear. Perhaps the effect of opening these channels on the group III and IV afferents is overwhelmed by the effect of prostaglandins opening endoperoxide receptors. Alternatively, vascular smooth muscle cells may have a greater number of K ATP channels than do the endings of thin fiber muscle afferents. Last, there might be a difference between K ATP channels on vascular smooth muscle cells and those on sensory nerve endings in their sensitivities to the various metabolic byproducts of contraction.
In summary, we have shown that tempol attenuates the exercise pressor reflex in rats with ligated femoral arteries by opening K ATP channels. This mechanism appears to be far more likely than does the scavenging of superoxide radicals as an explanation as to why tempol attenuates the reflex in with simulated peripheral artery disease (24, 46) . Perhaps the most important message to be taken from our findings is that effects of tempol should not be attributed to its antioxidant action unless the other potent "side effects" of this compound are excluded. The most important of these "side effects" appear to be the fact that tempol opens ATP-sensitive and calciumsensitive potassium channels, effects that can often be confused with an antioxidant action.
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